Abstruct-Since the 80s huge efforts have been made to utilize renewable energy sources to generate electric power. An important issue about using renewable energy sources is a Distribution Management System (DMS) in presence of dispersed generators. This paper reports some aspects of integration of the dispersed generators in the DMS. Besides, an investigation of impact of the dispersed generators on the overall performances of the distribution systems in steady state is performed. In order to observe losses in the distribution networks with dispersed generators, several loss allocation methods are applied. Results obtained from case study using IEEE test network, are presented and discussed.
I. INTRODUCTION arious investigations showed that dispersed generators V @ G s) integrated into utilities' distribution networks (DNs) could affect the host DNs in number of ways [1]-[9]
. Previous experience has shown that the integration of DGs into DNs could create safety and technical problems. They may contribute to fault currents, cause voltage flickers, interfere with the process of voltage control, increase losses, etc. Since the DNs with DGs are not passive, all issues about planning, building, maintaining and operation of the DNs become very interesting and need a reinvestigation. Actually, overall model of the distribution system should be renewed, since the impact of DGs on the DNs expansion planning and operation is significant.
The Distribution Management System (DMS) functions like load (state) estimation, power flow calculation, network reconfiguration, supply restoration, fault analysis, relay setting, Q-V regulation etc. are significantly affected by the DGs in the DN. It means that the DMS functions should be re-considered and probably modified in order to respect the presence of DGs in the DNs. For example, the presence of DGs in the DN improves the quality of state estimation in the DN, since the voltages in the DG's nodes are observed through the RMUs. Power flow calculation is of course affected by the DGs, as well as, the network reconfiguration in order to minimize the power losses. Supply restoration after the fault of feeder or supply transformer, should respect the presence of the DGs in the DN as well, since alternate variants of power supply could be quite different R.M.Ciric is a postdoctoral researcher at UNESP Ilha Solteira, SP, Brazil; A. Padilha is with UNESP Ilha Solteira, SP, Brazil; 1.F.E.D.Denis is a Ph.D. student at UNESP Ilha Solteira, SP, Brazil; L.F.Ochoa is a M.Sc. student at UNESP Ilha Solteira, SP, Brazil. comparing to the passive DNs. Similarly the DGs change the voltages and reactive power flow in the DNs and consequently Q-V regulation should be re-considered, etc. General question regarding operation of the DNs with DGs is: "What is the impact of the DGs on the overall system performance ofthe distribution system?" This paper reports some aspects of integration of the DGs in the DMS. The following DMS functions in the DNs with DGs are considered load (state) estimation, power flow calculation, voltage regulation, fault analysis and network reconfiguration. The impact of the DGs on the overall performances of the distribution systems in steady state is also investigated. In order to measure the impact of the DG on the overall distribution system performance, the following indices are proposed: total power losses, real and reactive power generation, voltage drop, sum of the squared voltage deviation, current balance of the feeders, and current balance of the supply transformers. In order to observe losses in the distribution systems with DGs, proportional sharing (PS), squared demand (SD) and direct loss coeacients (DLC) loss allocation methods are applied.
Results obtained from several case studies using IEEE 34 nodes test network are presented and discussed.
11. POWER FLOW Efficient and robust power flow for large-scale real life DNs with DGs is the basic tool in DMS. Besides, power flow analysis is essential for investigating the impact of the DGs on the distribution systems in steady state. Depending on the contract and control status of the DG, it may be operated in one of the following modes, Fig. 1 : 1) In parallel operation with the feeder where DG is designated to supply a large load with fixed real and reactive power output; 2) To output power at a specified power factor; 3) To output power at a specified terminal voltage. Considering power flow, the DG node in the fxst two cases can be represented as a PQ node. It requires just a little modification in the power flow algorithm, actually the current is injected into the bus. In the third case where the source controls the voltage magnitude at the corresponding node, the node is 0-7803-7967-5/03/$17.00 02003 IEEE referred to as a PV node. If the computed reactive power generation is out of the reactive generation limits, the reactive power generation is set to that limit and the unit acts as a PQ node. Some dispersed storage units may also act as a constant current but for purposes of the power flow the PQ model is adequate. In last decade, different procedures for handling PV nodes have been proposed [lo]- [14] . Special single-phase and three-phase power flow methods have been developed for radial and weakly meshed network analysis. Experience showed that very good results in handling PV nodes in large-scale DNs are obtained using the backwardlforward procedure, i.e. branchoriented methods. These methods may be classified as follows: current summation methods, power summation methods and admittance summation methods [14]. In the proposed methodology for determining the impact of DGs on the distribution system performance, the efficient and robust compensation method proposed in [ l l ] is applied. In this method, PV node sensitivity matrix is used to eliminate voltage magnitude mismatch for all PV nodes. The problem of compensating PV node voltage magnitude is transferred to the determining reactive current injection for each PV node, so that the voltage magnitude of this node is equal to the scheduled value. Since relation between reactive current and voltage magnitude of the DG is nonlinear, desired reactive current of the DG is determined iteratively.
III. STATE ESTIMATION
The results of state estimation and power flow analysis are used as input for the other DMS applications: network reconfiguration, supply restoration, voltage regulation, VArlVolt coordination, fault analysis, etc. Obtaining the good quality input data for the DMS applications have the priority, since the lack of input data, or the data uncertainty can generate wrong network actions. The lack of reliable input data obtained from real-time measurement makes the state estimation in the DNs very difficult task. Besides, specific nature of DNs does not allow use of approaches developed for transmission system state estimation with the redundancy of the measurement more than 2. In the reallife distribution networks just 10 to 15 % of the necessary data are available ffom the real-time measurement (D-SCADA). Consequently, the distribution state estimation methods are based on the historical data, as well as pseud-measurement [ 151- [23] . These methods use conventional techniques based on WLS approach, sensitivity analysis, power flow analysis, realtime modeling technique or hzzy distribution loads approach.
However, independently of the used methodology, presence of DGs in the DN will improve the quality of distribution state estimation, since the voltages in the DG nodes type PV or PQ are measured by Voltage and Current Remote Measurement Units (RMU-V, RMU-C).
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Iv. VOLTAGE ~G U L A T I O N IN THE DG NODE
Connection of the DGs in the DNs can result in voltages that may be out the statutory limit [24] , [25] , [26] . Generally there are two cases of DG that can operate in the DNs: induction generator (wind-turbine) or synchronous generator (gas, diesel turbine etc.). In case of wind-turbine, IIG's voltage can be greater than substation high voh.age/medium voltage (HV/MV). In case of synchronous generator, the substation voltage is usually maintained greater than DG node voltag. Voltage risemismatch between generator voltage and substation voltage, AeV, in case of induction DG is given by isquation (3) [24] . The voltage drop -mismatch between substation voltage and DG voltage in case of synchronous DG, AVd is given by equation (4).
proportionally to the load injections or to the squared demand, remectivelv.
where: P, is the real power of the DG; Q, is the reactive power of the DG (injection or import); P, and Qc are the real and reactive consumer loads at the DG node; Z = RtjX is the line impedance between substation HV/MV and the DG node: V, is the voltage at the DG node, V, is the voltage at the substation HV/MV, AV, = Vg-Vs is the voltage rise in case of induction DG, AV8Vs-Vg is the voltage drop in case of synchronous DG.
There are several methods for reducing voltage rise in case of wind turbine DG (3): reduction of generator power input Pg, increase of generator reactive power import Qg or voltage regulation via load control in the DG node [24] . The generation output is reduced only at critical times to maintain satisfactory voltages. Increasing the generator reactive power import to neutralize voltage rise from the real power injection is done by static VAr compensators, switched capacitor banks or via existing inverters. Power factor control allows full generation output. Load control in reducing voltage rise is a new method [24] . Actually, when feeder voltages are at theit-limit, additional load is switched on to reduce voltage. Usual method for reducing voltage drop in the DNs in case of synchronous DG is increasing generator real and reactive power input P,, Q, (4).
V. Loss ALLOCATION
One of the interesting issues about DGs in the de-regulated power energy market, is the problem of loss allocation to loads and generators in the DN. Although the loss allocation issue is addressed more often to the transmission systems [27], after introducing DGs and open access electricity networks in last decade, distribution system loss allocation is turning into more interesting problem [28] . Moreover, in the de-regulated power industry, loss allocation in the DNs becomes very significant issue since the losses in the medium voltage DNs are in range of 2-5 %, while the losses in the low voltage network sometimes exceed 10-15 %. The main difficulty in allocating losses to loads is that, regardless of the approach, the final allocation always contains a degree of arbitrariness. This is the consequence of the fact that system distribution, as well as, transmission losses are a non-linear function of the node injections. As it is concluded in [27], it seems that issue of fairness will probably never be fully resolved by any loss allocation method.
In order to observe losses in the DNs with DGs, in this research three loss allocation methods are applied: proportional sharing (PS), squared demand (SD) and direct loss coefficients @LC) method. As the name suggest, in the proportional sharing and squared demand method losses are allocated to the nodes Allocated losses L(i) according to the DLC method are represented as follows [28] :
where: P(i) is the real power injection at node i, and fzj is the direct loss coefficient of node i.
Direct loss coefficients are given by
[HI is the hessian matrix, [7] is the average jacobian computed fiom the flat start and AV and A0 represent the changes in operating point.
final jacobians, and An important characteristic of the DLC method is the possibility of negative loss allocations. Negative allocation provided monetary incentives to those DGs "well "positioned in the network. On the other side, DGs and loads "poorly" placed, receive higher loss allocations. If the node has neither load nor generation the loss allocation is zero. Since in the DN power flow calculations, losses are deemed to be supplied from the transmission network that is taken as a slack node, the lossrelated charges for this node is zero. In other words, total power losses in the DN are insensitive to changes in active and reactive injections at the slack node.
VI. FAULT ANALYSIS
There are several efficient methods for short circuit analysis in the DNs with DGs that use symmetrical components or phase network representation. Methods that exploit actual abc phase representation allow fault analysis in the un-balanced andor unsymmetrical DNs [29]- [33] . In this work efficient hybrid compensation method for fault analysis from [33] is applied. The method uses solution of three-phase power flow [ 111 as pre-fault condition and performs one backward-forward sweep to generate post-fault state after the updating hybrid current injections. Method [33] allows simulation of various types of single and simultaneous faults in large-scale real life radial and weakly meshed DNs with DGs. In this method, the internal voltage of DGs is assumed constant at the instant of the fault. The constant voltage of the DG is modeled on the following way: PV node sensitivity matrix is created and used to calculate the injection current needed to keep DG's internal voltage constant. The relation between DG's voltage and current is expressed as:
where: AVg is the vector of three-phase DG's voltage mismatch; I, is a vector of the DG's injection current; Zg is the complex impedance matrix with dimension 3Ngx3Ng, (N, is the number of DGs).
Matrix Z , is formed by identifying the path between PV node and the root node. The internal impedance of a DG and the system equivalent impedance at the substation W / M V are also included in Z , .
In order to investigate effects of neutral wire and ground in case of faults, in this paper a generalized power flow algorithm which uses 5x5 network representation (abc phases, neutral wire and ground conductor) is applied in the hybrid compensation short circuit method [33] .
VII. SYSTEM PERFORMANCE
In last decade, considerable research has been conducted in the area of distribution network reconfiguration. Network (feeder) reconfiguration entails altering the topological structure of DNs by changing the opedclose status of the switches under both normal and abnormal operating conditions. There are plenty of valuable papers dealing with DN reconfiguration problem in last two decades. Generally, two main DMS h c t i o n s regarding network reconfiguration exist: 1) Reconfiguration for Operation Cost Reduction [34] , [35] , [36] , and 2) Supply Restoration after the fault of feeder or supply transformer HV/MV [37] - [40] . Three main approaches for solving above-mentioned problems exist: optimization approach, heuristic approach and expert system based approach. Independently of the used approach there is a need for establishing distribution system performance indices for evaluation of each DN configuration. In this paper we propose set of performance indices for observing distribution system with DGs in steady state.
The proposed approach for observing performances of the distribution system with DGs is based on real-time power flow analysis and calculation of the various system indices. The following indices are introduced: total power losses, real and reactive power input (demand) of the DGs, maximum voltage drop, sum of the squared voltage deviation, current balance of the feeders, and current balance of the supply transformers W / M V . The above-mentioned indices of the distribution system with EGs are defined as follows:
(1) Total Power Losses are defined by expression [28] :
where h is the DN configuration considering status of the switches (closed-open), as well as status of the DGs (operatel does not operate).
Low value of index I L P indicates low active power losses meaning better system performance. 
where: I&, is the rated current in i-th supply transformer;
I& is the magnitude of actual current in i-th supply Low values of index Zs" indicate great current reserve in the transformer in h-th DN configuration.
supply transformers, meaning higher security in the DN.
The importance of each particular index depends on the regime and the type of the DN. For example, in the normal operating condition of the distribution system, real power of the DG, power losses as well as the voltage profile have the highest priority. However, in the emergency state, the highlighted issues are the current balance of the supply transformers, current balance of the feeders, as well as, the voltage profile. Similarly, in the heavy loaded urban DN, a balance between supply transformers and a balance between feeders could be of the most importance. On the other hand, in the rural DN with long medium voltage distribution lines, serious problems could be the voltage profile in the DN and large voltage drop at the end customer. Using the proposed set of indices, the operation engineers have a detailed view on the overall system performances of the DN with DG.
VIII. APPLICATIONS a) Test network
The test network used in all case studies is the IEEE 34-node test feeder [41] , Fig. 2 . To keep it simple, the in-line autotransformer 24.9/4.16 kVkV from the original IEEE 34 test feeder is replaced with the line and the network is modeled with the single voltage level. Base voltage of the network is Vb = 24.9 kV, and the reference voltage is Vref= 25.647 kV.
b) Case Studies
The following DMS functions in the IEEE 34 DN with DG are simulated load estimation using fuzzy set approach [23] , state estimation, single-phase power flow in the DN with balanced loads [ 101, three-phase power flow in the DN with unbalanced load [ 1 I], voltage regulation in the PV node by DG's reactive power control, fault analysis using hybrid compensation method [33] in 5x5 network representation, loss allocation using proportional sharing method (F'S), squared demand method (SD) and direct loss coefficients (DLC) method [28] . Finally, the proposed set of system performance indices in the DN with DG is calculated.
c) Results
The Load Estimation in the IEEE 34 DN with the DG's at nodes 23, 27 and 28 is shown on the Fig. 3 . Si, on Fig. 3 is the rated power, and P,,, and QeSt are the estimated real and the reactive load of nodes, respectively. The voltage profile obtained by State Estimation in the IEEE 34 DN with the DG's at nodes 23, 27 and 28, D-SCADA, the Remote Voltage Measurement Units (RMU-V) in the nodes 10, 17, and the Current Measurement Units (RMU-C) in the nodes 9,25, 26, are shown on the Fig. 4 . Test results indicate that state estimation improves the forecasted load data by using real-time measurements. Experience shows that power flow measurements are more effective in bad data identification than current measurements [19] . In addition, the presence of DGs in the DN improves the quality of state estimation in the DN, since the voltages in the DG's nodes are observed through the RMUs. Fig. 2 . IEEE 34 node test feeder. Fig. 8 and Fig. 9 show the impact of DG in the node 23 on the short circuits in the IEEE 34 DN. Fig. 8 shows post fault-phase ubc, neutral wire and ground currents in the DN without DG, in case of the fault "b-c line to ground" at node 10, without DG. Fig  9 shows post-fault currents in the IEEE 34 DN with DG at node 23 in case of the same fault. Real power of the DG in fault analysis is Pg = 900 kW, voltage of the DG is Vg = 24.5 kV, calculated reactive power of the DG, Qg = 120 kVAr. The internal impedance of generator is Z,,, = (0.6+j1.5) Cl, and the system equivalent impedance at the substation HV/MV (deltalgrounded wye) is Z,, = (5+j5) a. It can be seen that current in phase a is almost doubled in the case with DG. However, current through the neutral wire is less 50% in the case with DG. Fig. 10 shows the Loss Allocation in the passive IEEE 34 DN, using PS method, SD method and DLC loss allocation method. Fig. 11 demand loss allocation method (SD) and direct loss coefficients @LC) method are employed and the results are compared. The results of simulation show that the most reasonable loss allocation among these three methods is obtained by DLC loss allocation method. One characteristic of the DLC method is the possibility of negative loss aIlocations to those DGs "well" positioned in the DN. Loss allocated to the nodes in the DNs without DGs obtained by PS and DLC methods are very similar. However, in presence of DGs, neither the linear-proportional nor squared demand loss allocation gives reasonable results. This is due to the fact that power losses in the real life DNs with DGs are a non-linear function. The impact of the DG on the overall performances of the distribution systems in steady state, is also investigated. A set of indices for observing performances of the distribution systems with DGs based on power system analysis is proposed. The DG in the considered case studies reduced significantly the power losses, improved the voltage profile, increased the current reserve of the feeder and supply transformer HV/MV. However, observations based on experience and simulations have shown that the integration of DGs into DNs could create safety and technical problems like increasing the losses and contributing to the fault currents.
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In order to observe losses in the DNs with DGs, the proportional sharing loss allocation method (PS), squared X. ACKNOWLEDGMENT
